Objective -Outbreaks of sepsis caused by multidrug-resistant Acinetobacter baumannii in neonatal intensive care units have been reported, but rarely from our country. We describe such an outbreak in the Department of Paediatrics of the University Clinical Centre Tuzla in 2012 to investigate risk factors, the mode of transmission and to assess control measures. Setting -An 18 bed, level 3 neonatal intensive care unit in a university affiliated teaching hospital. Patients and methods -Seventeen neonates who developed multidrug-resistant Acinetobacter baumannii nosocomial infection were matched to 17 neonates who were admitted to the same unit without infections, during the outbreak period. Cases and controls were compared for possible risk factors (birth weight, gender, intubation, antibiotic use, etc.). Surveillance cultures were collected from health care personnel and the environment. Results -Six out of the 17 neonates (35.3%) died. Surveillance cultures were negative. Seventeen isolates from newborns had the same patterns of resistance. Multidrug-resistant Acinetobacter baumannii was brought into the unit by an infected infant who was transferred from the neurosurgery hospital. Risk factors significantly associated with the infection were: incubator care (OR 6.66; p =0.034), exposure to a central venous catheter (OR 13.75; p =0.004), mechanical ventilation (OR 5.25;p =0.031) and exposure to a patient with Acinetobacter baumannii infection (OR 38.40; p =0.02). Conclusion -Surveillance cultures for all newborns transferred from other hospitals and isolation measures are important to prevent nosocomial infections and outbreak. Negative environmental and health care worker cultures have to be meticulously analyzed. Cohorting of affected newborns and nursing staff, contact isolation, and environmental cleaning are crucial to control the outbreak.
Introduction
Nososcomial infections are one of the most important causes of morbidity and mortality in hospitals. Nosocomial outbreaks due to Acinetobacter baumannii have been described by many authors (1, 2, 3, 4) but never from our region. This is the first report.
Multidrug-resistant Acinetobacter baumannii is a rapidly emerging pathogen in the health care setting. It causes infections, which include bacteremia, pneumonia, meningitis, urinary tract infection and wound infection. The organism's ability to survive under a wide range of environmental conditions and the ability to persist for an extended period of time on surfaces makes it a frequent cause of outbreaks and a healthcare associated pathogen. Risk factors associated with these infections include: invasive procedures, such as the use of mechanical ventilation, central venous or urinary catheters, and broad-spectrum antimicrobials (5) . Colonised or infected neonates can affect the likelihood of cross-transmission between patients. Nosocomial occurrence of Acinetobacter baumannii is related to hospital stay and duration, favoured by the selection pressure of previously used antibiotics (6, 7) .
The aim of this study was to describe an outbreak of nosocomial infection caused by Acinetobacter baumannii from June to November 2012 in the Neonatal Intensive Care Unit of the Department of Pediatrics of the University Clinical Centre Tuzla, Bosnia and Herzegovina.
Patients and methods

Clinical setting
The Neonatal Intensive Care Unit (NICU) of the Department of Pediatrics of the University Clinical Centre Tuzla has 18 beds reserved for patients requiring intensive care.
The University Clinical Centre is a teaching hospital with 1373 beds, serving a population of 510,353. It is the referral center for all inborn neonates (4500 deliveries annually) and those born at hospitals in the vicinity, serving also for pediatric surgery. The working situation is characterized by an average of 10 nurses, backed up by a neonatologist on a daily basis and intensive care physicians in the NICU, with one on duty 24-hours. The NICU has area of 293m 2 , has one common and two isolation rooms with two sinks in common and one in every isolation room. The admittance of mothers and visitors is limited.
Infections that occur during hospitalization but which are not present nor incubating upon hospital admission are defined as nosocomial. Infections that occur in the following special situations is considered nosocomial: infections acquired in the hospital and which become evident after hospital discharge and newborn infections that are the result of passage through the birth canal (8) .
Design of the study
We undertook a prospective, systematic surveillance of infections in the NICU. This was an unmatched case control study from June to November 2012. A case was defined as any infant hospitalized in the NICU who developed Acinetobacter baumannii nosocomial infection (n=17). Randomly selected neonates hospitalized during the same period with no diagnosis of infection (n=17) were controls. An individual record was filled out with the patients' demographic data, along with possible predisposing factors, including: gender, birth weight (BW), gestational age, Apgar score at five minutes, age, duration of hospital stay, incubator care, use of antibiotics, mechanical ventilation and the use of a central venous catheter.
Microbiological investigation
All of the samples taken from the patients included in this study were inoculated onto blood agar, McConkey agar and incubated at 35ºC. Typical colonies were further examined with standard microbiological methods. Environmental cultures were taken at the same time, including samples from incubators, working areas, sink areas, mechanical ventilators, aspirators, liquid soap, dummies, infusion solutions and key-boards. Cultures from the hands of the staff working in the intensive care unit were also obtained during the same periods. We took more than 100 samples. Final identification of Acinetobacter baumannii was determined by the Vitek Compact system using Vitek ID GN.
The antibiotic susceptibilities of Acinetobacter baumannii isolates were determined by the Kirbi-Bauer disk diffusion method on Mueller-Hinton agar, using the Clinical and Laboratory Standards Institute guidelines (9) . In parallel, each isolate was tested for antibiotic susceptibility with the Vitek Compact System, using a Vitek AST card 240 in order to determine the minimum inhibitory concentrations (MICs). Antibiotic susceptibility was determined for the following antibiotics: amikacin, aztreonam, cefepime, ceftazidime, ciprofloxacin, colistin, gentamycin, imipenem, meropenem, levofloxacin, tobramycin, tigecycline, and trimetoprim/ sulphamethoxasole.
Statistical analysis
The results are expressed as absolute and relative numbers. The odds ratios (OR) and 95% confidence intervals (CI) for comparison between cases and controls were estimated with univariate analysis. Statistical significance was defined as a p-value of <0.05. Statistical analyses were conducted with SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA).
Results
Description of the outbreak and case characteristics
The outbreak began in June 2012 and extended until November 2012 (Fig. 1) . The index case was diagnosed in June. It involved an infant aged 5 weeks, coming from the neurosurgery department. The infant was transferred in the NICU after implantation of a ventriculoperitoneal shunt due to congenital hydrocephalus internus. Ventriculitis developed as a complication after shunt implantation. We treated ventriculitis for 5 weeks unsuccessfully with ceftazidime, amikacin, meropenem and tobramycin. The neurosurgeon recommended open drainage and intrathecal therapy with tobramycin. Acinetobacter baumannii was isolated 11 times from the cerebrospinal fluid (CSF) of the index patient during hospitalization in the intensive care unit. The infant had prolonged hospitalization from 02/24 to 06/29/2012, but Acinetobacter baumannii was isolated from the liquor on 06/16/2012. During the outbreak, the same strain (the same susceptibility pattern) of Acinetobacter baumannii was isolated from 17 neonates. It was identified from blood culture (1 case), central venous catheter (4 cases), bronho-aspirate and tubes (7 cases), liquor (2 cases), urinoculture (1 case) and eye swab (2 cases).
Six out of seventeen neonates died. All of them had one of the risk factors, such as: central venous catheter, tubes, mechanical ventilation. Acinetobacter baumanni was isolated in broncho-aspirate from cases 5, 12, 13, 14, 15, and in umbilical catheter from case 3. All of them developed clinical signs of severe sepsis. Cases 3 and 10 were on initial antibiotic therapy, the others were treated with multiple broad spectrum antibiotics, including carbapenems and tobramycin (Table 2) .
Epidemiology
The following risk factors were statistically significant: incubator care, use of central venouse catheter, mechanical ventilation, exposure to the patient with multidrug -resistant (MDR) Acinetobacter baumannii infection. During the period of the outbreak of Acinetobacter infection we undertook cohort isolation of affected newborns and nursing staff in a separate location with contact precaution measures and environmental cleaning to control the outbreak. Cultures taken from health care workers and environmental sources were negative. The risk factors for Acinetobacter baumannii infection are described in the Table 2 . Color version available online. 
Microbiological surveillance
All the Acinetobacter baumannii isolates presented the same resistance profile to the antibiotics: gentamicin, ciprofloxacin, ceftazidime, cefepime, imipenem, meropenem, ampicillin/sulbactam with susceptibility only to tobramycin and tigecycline.
Intervention
For infants who had been infected with Acinetobacter baumanni we implemented cohort isolation and a separate medical team took care of these patients. Through environmental cleansing, controlling hand-washing, hygiene and several meetings with infection control staff and microbiologist we managed to control the outbreak.
Discussion
The bacteria Acinetobacter baumannii has emerged as an important nosocomial pathogen, and outbreaks due to multidrug -re- (12) documented that the only independent risk factors for developing a nosocomial MDR Acinetobacter baumanni infection were the use of carbapenem and mechanical ventilation. Although the outbreak caused by Acinetobacter baumannii was traced to a common source, in agreement with prior studies, the environmental reservoirs indicated in those studies, [suction catheters (13) , intubation devices (2), ventilator monitor board, tips of feeding syringes, aerosols and air conditioner (14) ] in our study all environmental and hand cultures were negative for MDR Acinetobacter baumannii, but we suspect this was due to some lapses in the procedures for taking material.
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Though the dissemination of this pathogen is facilitated by its prolonged survival on inanimate surfaces, high colonization rates among hospitalized patients and frequent contamination of healthcare worker's hands have been observed (2) . Another unusual aspect was that the index case was an infant with hydrocephalus internus, transferred from neurosurgery. All documented infections in this outbreak were septicemias in neonates using incubator care, central venous catheter, mechanical ventilation and exposure to the patient with MDR Acinetobacter baumannii infection. We found a mortality (6/17, 35.3%) intermediate between the 22% and 83% found, associated with this infection, in neonates from other authors (2), but we have to recognize that, due to the limited sample size, the 95% CI is within the range from 14% to 62%, which is an estimate with very low precision .
Several studies have found that the prior carbapenems use is associated with the subsequent development of MDR Acinetobacter baumannii (15) . During the period from June to November 2012, the increased usage of carbapenems was recorded in the infected neonates (64%).
The Acinetobacter baumannii isolates were resistant to third and fourth generation cephalosporins, carbapenems and 17 out of 17 were ESBL producers. Multiple mechanisms of acquiring resistance have been described for Acinetobacter baumannii resistant to cephalosporins and carbapenems, including altered penicillin-binding proteins, the presence of metallo beta lactamases, and the loss of porins (16) .
Conclusion
Based on a thorough clinical epidemiological investigation, we realized the need to obtain surveillance cultures for all newborns transferred from other hospitals. Careful isolation measures were important for transferred newborns from other hospital suspected of nosocomial infections. Negative environmental and health care worker cultures have to be meticulously analyzed. Increase in the infection rate due to a particular pathogen is proof of the existence of lapses in infection-control measures, resulting in an increase in crosstransmission between patients. Cohorting of affected newborns and nursing staff, contact isolation, and environmental cleaning were implemented to control the outbreak. The surveillance cultures were collected from all possible sources, but the epidemiological investigation was not supplemented by molecular typing, which limited our study.
